The detection of non-baryonic dark matter through its gamma-ray annihilation in the centre of our galaxy has been studied. The gamma fluxes according to different models have been simulated and compared to those expected to be observed with the Alpha Magnetic Spectrometer (AMS), during a long-term mission on board of the International Space Station. Under the assumption that the dark matter is composed of the lightest, stable supersymmetric particle, the neutralino, the results of the simulations in the framework of mSU GRA models, show that with a cuspy dark matter halo profile or a clumpy halo, the annihilation gamma-ray signal would be detected by AMS. More optimistic perspectives are obtained with the Anomaly Mediated Supersymmetry Breaking (AMSB) model. The latter leads also to a cosmologically important 6 Li abundance. Finally, the discovery potential for the massive Kaluza-Klein dark matter candidates has been evaluated and their detection looks feasible.
Introduction
The nature of dark matter is one of the outstanding questions and challenges in cosmology. The existence of cosmological dark matter is required by a multitude of observations and arguments, such as the excessive peculiar veloc-cal density, Ω b , significantly smaller than the total Ω m in form of clumpy matter. The Wilkinson Microwave Anisotropy Probe (WMAP) has provided the most detailed measurements of the Cosmic Microwave Background (CMB) anisotropies [5] . In the framework of the Standard Cosmological Model, WMAP quotes a total matter density of Ω m = 0.27±0.04 and a baryon density of Ω b = 0.044±0.004, which confirms that most of the matter is non-baryonic, in agreement with the results obtained from primordial nucleosynthesis studies.
Various non-baryonic dark matter candidates require physics beyond the standard model of particle physics (for a recent review see e.g. [6] ). Nbody simulations of structure formation [7] suggest a non-relativistic, Weakly Interacting Massive Particle (WIMP) as a dark matter component, thus favoring the Cold Dark Matter scenario [8, 9] . The WMAP measurement of the density of the non-baryonic dark matter provides constraints in the range of 0.095 < Ω CDM h 2 < 0.129, at the 2 σ level.
Supersymmetric theories offer an excellent WIMP candidate, which satisfies the CDM paradigm and the constraints on Ω CDM , namely the neutralino (χ 0 1 ) of the Minimal Supersymmetric Standard Model (MSSM), assumed to be the Lightest Supersymmetric Particle (LSP) and stable due to R-parity conservation [10] . At present, lower limits on the LSP neutralino mass in the M SSM are about 50 GeV from LEP experiments (although the mass may be significantly smaller depending on the assumptions relative to gaugino mass universality). Less conventional scenarios than the neutralino within the minimal supergravity (mSUGRA) context have been proposed [11] :
• In the Anomaly Mediated Supersymmetry Breaking (AM SB) scenario [12, 13] the neutralino LSP is predominantly a Wino [the supersymmetric partner of the electrically neutral component of the SU (2) L gauge bosons]. Endowed with a relatively large annihilation cross section this particle may constitute the bulk of the dark matter when subsequently to its thermal freeze-out, it is further generated nonthermally (e.g. via Qball evaporation or gravitino decay). By virtue of its large annihilation cross section the wino may lead to possibly large gamma fluxes [14] .
• In extra-dimension models, ultimately motivated by string theories, it has been argued [15] that the lightest Kaluza-Klein excitation can provide under certain conditions a very good CDM candidate. In the present paper we will restrict ourselves to the possibility of low scale extra-dimensions as an extension of the non-supersymmetric standard model [16] with a perfectly viable dark matter Kaluza-Klein particle [17] .
In this paper, we present the predicted γray fluxes from the Galactic Centre from neutralino annihilations in the frame of mSU GRA and AM SB models, as well as from Kaluza-Klein dark matter annihilations. The predicted fluxes are used to assess, for the different scenarios, the discovery potential for non-baryonic dark matter provided by a three-year observation of the diffuse γ-ray differential spectrum by the AMS on the ISS.
Model descriptions and simulations
The limited knowledge of dark matter structure and the density profile near the Galactic Center represent the principal astrophysical uncertainties when evaluating the discovery potential of the dark matter through indirect detection. On the other hand, the predicted γ-ray fluxes depend on the assumptions made within the framework of the particle physics models associated with the different dark matter candidates.
Dark matter halo parametrization
One may parameterize the mass density profile of our Galaxy by the following equation:
assuming a simple spherical Galactic halo. An isothermal profile with core radius a corresponds to γ = 0, α = 2 and ǫ = 1 as proposed by [18] . A Navarro, Frenk and White (NFW) profile [19] is obtained with γ = 1, α = 1, and ǫ = 2, whereas Moore's distribution [20] is recovered if γ = ǫ = 3/2 and α = 1. The NFW and Moore models are considered in this study. The two models predict large values of the neutralino density in the Galactic Centre (GC). The parameters of the halo modeling are:
• ρ 0 -halo density at R 0 ,
• a -the core radius -for r < a the halo density is equal to ρ(a) in case of the isothermal parametrization.
As shown in [21] , ρ 0 and a cannot be chosen arbitrarily. The total mass of the Galaxy restricts the (ρ 0 , a) parameter space. For the NFWstandard model the generic parameter values are: R 0 = 8.0 kpc, ρ 0 = 0.3 GeV /cm 3 , a = 20 kpc. As shown in [22] , the possible (ρ 0 , a) combinations allow, given the uncertainties: R 0 = 8.5 kpc, ρ 0 = 0.4 GeV /cm 3 , a = 4 kpc (NFW-cuspy). The two configurations were considered. The values for the Moore profile have been chosen as follows: R 0 = 8.0 kpc, ρ 0 = 0.3 GeV /cm 3 , a = 28 kpc. The WIMPs located around the Galactic center should annihilate and produce high energy photons. The corresponding photon flux near the Earth, Φ γ -per unit time, surface, and solid angle -may be expressed as
In equation 2, m wimp is the mass of the WIMPdark-matter candidate; σv denotes the thermally averaged annihilation rate ; ρ wimp (r) is the mass density of the dark matter and r is the distance from the Galactic center. The flux Φ γ is proportional to the number of annihilations per unit time and volume, σv ρ 2 wimp (r)/m 2 wimp and to the number of secondary photons per annihilation, N γ . Finally to obtain the flux at the Earth it is necessary to integrate the WIMP density squared along the line-of-sight (los) connecting the observer to the Galactic Center. The integral can be expressed in the form:
assuming a spherical halo with radial extension R 0 . The coordinate s extends along the line of sight. R is the radial distance from the centre of the Galaxy for such a direction. Because the density decreases steeply at large distances (see Eq. 1), our results are not sensitive to the value of the radial cut-off R 0 , which is set to 8.0 or 8.5 kpc depending on the chosen halo profile.
We integrate the function J over a solid angle around the Galactic center, subtended by the detector acceptance, e.g. a circular region with angular radius θ obs :
where R/R 0 = tan θ ≃ θ. Thus the resulting value for I γ -flux of high-energy photons collected per unit of time and surface -can be written as:
where Σ 19 denotes Σ expressed in units of 10 19 GeV 2 cm −5 and integrated over the AMS acceptance, ∆Ω = 10 −3 sr. We have integrated the relation (4) as a function of galactic halo profiles leading to the following results:
• For a NFW-standard profile : Σ 19 = 269, thusJ(0)(∆Ω) = 1141
• For a NFW-cuspy profile: Σ 19 = 11769, thusJ (0)(∆Ω) = 49948
• For a Moore profile: Σ 19 = 33672, thus J(0)(∆Ω) = 142908 whereJ(0)(∆Ω) corresponds to the notation used in [22] . For integration, we have defined an inner cutoff radius at R c = 10 −5 pc such that for R < R c the flux vanishes. For completeness, two astrophysical factors may enhance the expected gamma fluxes from neutralino annihilations:
• clumpiness of the dark matter halo as indicated by N-body simulations [7] ,
• the presence of a Supermassive Black Hole (SBH) with a mass of ∼ 2.6 × 10 6 M ⊙ accreting neutralinos around the GC [23] .
The overall enhancement factor of the expected flux is estimated in [24] to be between 5 and 100, depending on the clumpiness of the galactic halo and the Cold Dark Matter accreted by the central Black Hole.
Models for WIMP candidates
In this section, we describe briefly the physics models associated with selected dark matter candidates, including the methodology and assumptions used to investigate the different hypotheses.
mSUGRA parameterization
The two supersymmetric scenarios considered belong to the class of models where supersymmetry (SUSY) breaking is effectively communicated to the visible sector via (super)-gravitational effects. We use the conventional mSUGRA scenario [11] with common values for the soft supersymmetry breaking scalar and gaugino masses and trilinear couplings, m 0 , m 1/2 , A 0 , taken as initial conditions at a given high energy universality scale. We require the three gauge couplings to take a common value at a unification scale M GUT and, for simplicity, identify this scale with the universality scale of the soft SUSY parameters. With these initial conditions and with the value of tan β (the ratio of the two Higgs vacuum expectation values <H 0 2 > <H 0 1 > ) defined at the electroweak scale, the relevant low energy quantities are obtained throug the running of the parameters from M GUT down to a scale of the order of the electroweak scale. Electroweak symmetry breaking is then required at that scale with the correct Z boson physical mass, thus fixing the supersymmetric µ parameter (up to a sign) and its soft supersymmetry breaking counterpart.
The flux predictions are obtained by use of computational tools which allow to scan over various SUSY parameters. This is achieved through an interface of the two codes, DarkSUSY [27] and SUSPECT [26] , which we dub hereafter DSS (DarkSUSY-SUSPECT). Significant features of particle physics and cosmology are thus combined in our approach, taking into account various phenomenological constraints (consistency of the top, bottom and τ masses, present experimental limits on the superpartner and Higgs masses, limits from b → sγ, no charged LSP, ..., relic density constraints), some of which are implemented in SUSPECT and others in DarkSUSY. We have checked in the mSUGRA framework the compatibility of the results obtained with the DSS software package and the ISASUGRA interface provided with DarkSUSY.
Anomaly Mediated Supersymmetry
Breaking parameterization The Anomaly Mediated Supersymmetry Breaking (AMSB) is a gravity-mediated mechanism where the SUSY breaking is communicated to the observable sector by the super-Weyl anomaly [12, 13] . In particular, the masses of gauginos are generated at the one-loop level as in [28]:
where α i are the gauge coupling constants and b i the associated β-function coefficients. M is the auxiliary field in the supergravity multiplet whose vacuum expectation value < M > is expected to be of the order of the gravitino mass m 3/2 , the latter being generically in the range: 10 TeV < m 3/2 < 100 TeV.
In the minimal AMSB model, the sleptons suffer typically from a tachyonic problem. One way to fix this problem is to add a scalar mass parameter m 2 0 , accounting for a non-anomalous contri-bution to the soft SUSY breaking. The most important message from the gaugino mass formula above is the hierarchy:
as opposed to M 1 : M 2 : M 3 = 1 : 2 : 7 which is expected for the gravity-or gauge-mediated models. This implies that the lightest neutralino (χ 0 1 ) and the lightest chargino (χ ± 1 ) are almost pure Winos and consequently mass-degenerate.
Kaluza-Klein Dark Matter
Models with compact extra dimensions predict several new states, the Kaluza-Klein (KK) excitations. In the case of Universal Extra Dimensions (UED) [16] , all Standard Model fields can propagate in the bulk, and their effective fourdimensional interactions with the KK states conserve a quantum number associated with the latter. The conservation of this KK number implies that the KK modes cannot decay exclusively into Standard Model particles; the lightest KK mode (LKP) will thus be stable [16, 29] . Moreover, the LKP, when electrically neutral and with no baryonic charge, provides a viable dark matter candidate [17] . The mass of the LKP dark matter particle, like all other states of the KK tower, is inversely proportional to the compactification radius R. Accelerator electroweak measurements constrain rather weakly the UED scenario, since in this scenario the observables are sensitive only to the virtual effects of the KK modes. The lower mass bound leads to R −1 ≥ 280 GeV [16] . The most promising LKP dark matter candidate is associated with the first level of KK modes of the Hypercharge gauge boson B (1) . In our calculation we consider the relic density of B (1) of [17] leading to a B (1) lower bound mass bound constraint of 400 GeV.
AMS gamma detection and sensitivity

The AMS-02 experiment
The main elements of AMS-02 detector [30] which are shown in Figure 1 include: a superconducting magnet, a gaseous transition radiation detector (TRD), a silicon tracker (Tracker), time-of-flight hodoscopes (TOF), a ring imag- ing Cerenkov detector (RICH), an electromagnetic calorimeter (ECAL) and anti-coincidence Veto counters. The superconducting magnet has the shape of a cylindrical shell with the inner diameter of 1.2 m and length of 0.8 m; it provides a central dipole field of 0.8 Tesla. The eight layers of double-sided silicon tracker sensors are placed in planes transverse to the magnet axis. The silicon tracker measures the trajectory of relativistic singly charged particles with an accuracy of 10 µ in the bending and 30 µ in the nonbending coordinates. It provides also measurements of the particle energy loss which allows to distinguish the charge. The time-of-flight system (TOF) containing four detection layers, measures singly charged particle transit times with an accuracy of 140 psec and also yields energy loss and coordinate measurements. The transition radiation detector (TRD) is situated on the top of the spectrometer and consists of twenty 12 mm thick foam radiator arrays, interleaved by arrays of 6 mm diameter gas proportional tubes filled with a Xe/CO 2 mixture. The TRD provides an e − /hadron separation better than one hundred up to an energy of 200 GeV as well as precise charged particle coordinate measurements. The RICH detector is installed below the last TOF plane and consists of a 3 cm thick aerogel radiator with a refraction index of 1.05, a mirror and pixel type matrix photo-tubes for the light detection measures of the velocity of the single charged particle with an accuracy better than a fraction of a percent. The ECAL detector is situated at the bottom of the AMS02 setup. It is a threedimensional (65x65x17cm 3 electromagnetic sampling calorimeter with total length of 16X 0 , consisting of 1 mm diameter scintillating fibers sandwiched between grooved lead plates.
Performance of photon detection
Cosmic γ-rays may be detected in AMS by two different methods. The conversion mode involves the reconstruction in the tracker of the e + e − pairs produced by γ conversions in the material upstream of the first layer of silicon sensors [31, 32, 33] . In the single photon mode, the γ-rays are detected in the electromagnetic calorimeter [34] .
The performance of AMS02 detector for γ-rays has been studied with the AMS simulation and reconstruction program based on GEANT [36] . The simulated performances have been validated using the AMS01 data for the sub-detectors present during the shuttle test flight [37] and the test beam data obtained with prototypes of the new or modified modules.
The Monte Carlo sample for the present study includes more than 10 9 reconstructed events including both cosmic γ-rays and charged-particle backgrounds over the relevant energy range. The latter in order of decreasing importance include protons, He and C nuclei and electrons. With a charged particle background rejection of O(10 4 ) to O(10 5 ), we obtain a background-to-signal ratio of the order of a few percent. The principal background at this level is due to the galactic diffuse γ-ray emission.
The Conversion Mode
The event signature for this mode are two reconstructed tracks in the Tracker originating from a vertex located upstream of the first silicon layer of the tracker 3 .
The incident γ-ray energy and direction were determined by adding the reconstructed momenta components of the e ± pair, evaluated at the entrance of the AMS02 detector.
The main source of background are p and e − which interact in the AMS detector, producing secondaries, mainly delta rays, which result in double-track events associated with a common origin at the interaction point.
The conversion of the secondary photons produced in the vicinity of the AMS, i.e. in the ISS body and solar panels, was found to be negligible in comparison to the expected γ-ray fluxes.
The following criteria are applied to reject background events:
• Identify events with interactions;
• Identify charged particles entering the TRD from the top and fire all the tubes along its reconstructed trajectory.
• Identify reconstructed large invariant mass events.
• Identify particles entering the fiducial volume of the AMS through the side of the TRD ).
A preliminary rejection factor of 5 × 10 4 was obtained for each different cosmic ray species (e − and p), after all selection cuts have been applied.
The Single Photon Mode
The event signature for this mode is the presence of electromagnetic-type energy deposition in the ECAL, while almost nothing is found in the other AMS sub-detectors.
The identified backgrounds contributing to the cosmic γ-ray signal are events with charged particles 4 either passing undetected in the gaps of the AMS active tracking volume or entering the ECAL from the side.
The following criteria are applied to reject the background events:
• Identify p, He by analyzing the 3dimensional shower development in ECAL;
• Identify charged particles by requiring the trajectory direction of the reconstructed ECAL shower passes inside the AMS sensitive volume and reject these events.
The rejection factors for different cosmic ray species after all cuts have been applied are : > 6×10 4 for e ± , (2.5±1)×10 6 for p and > 1.7×10 6 for He nuclei. 
Acceptances and resolutions
The simulations are used to parameterize the AMS performance for γ detection in terms of acceptance, effective area, angular and energy resolutions, and background rejection. Figure 2 shows the acceptance and effective area for the two detection modes. The corresponding energy and angular resolutions are shown in Figure 3 5 .
The parameterized performance is used to establish the AMS02 sensitivity for the different scenarios in which high energy γ-rays are produced by the annihilation of dark matter near the Galactic Centre. In a first approximation, we consider a γ-ray source located at galactic longitude l=0 and galactic latitude b=0.
The sensitivity to the gamma flux and
Confidence Level determination We have developed a ROOT-based [38] simulation program, the AMS-γ Fast Simulator (AM SF S) [39] , in order to investigate the AMS capability to localize non-isotropic radiation, either point-like or diffuse. Here we describe the computational approach implemented in the simulator.
We define the detector's γ-ray source sensitivity as the minimum flux required to achieve a specified level of detection significance. The significance S of a detection is given by:
where N obs γ (E γ > E t ) and B(E γ > E t ) are respectively the total number of detected photons from the source and the number of background photons falling within the source area above an energy threshold E t . N obs γ and B are functions of the effective detection area A(E) of the instrument, the angular resolution expressed in terms of the solid angle Ω(E), the observation time T obs and the differential spectra:
and
In order to establish the significance level of the observation, we require a minimum of three detected gamma events. We use the analytical expressions resulting from the best fit to the curves shown in Figures 2 and 3 for the energy dependence of the acceptance, the angular and energy resolutions. The solid angle over which the background is integrated for a given source is Ω
where σ 68 is the detector angular resolution defined within which 68% of the source photons fall. The calculation of the Galactic Center observation time T obs is based on a 3-year misssion on the International Space Station (ISS) [40] .The AMS observation time is not uniformly distributed over the celestial sphere since the ISS is in a 51.6 o orbit, and the detector is fixed rigidly to the ISS. Taking into account the precession of the orbital plane of the station about the Earth's pole, a full sky coverage is obtained about 5.3 times per year. The exposure (effective area × the observation time) varies with the photon energy due to the energy dependence the effective area, and the position in the sky, due to the orbit precession.
The dependence of the effective area on the inclination of the photon direction (θ), the time dT obs spent by the detector viewing the Galactic Center within a specific viewing inclination dθ, has been calculated and then integrated over the field-of-view (θ range up to 42 o for the conversion mode and 22 o for the single photon mode) and convoluted with the corresponding effective area: A(E, dθ) × dT obs . The time intervals when ISS orbits over the South Atlantic Anomaly region are excluded. The source spectrum dN γ /dEdΩ in equation (8) corresponds to the photon differential spectrum of the dark matter annihilation calculation incorporating the halo profile model and the choice of the particle physics parameters, including the mass of the WIMP candidate. The background flux dB/dEdΩ corresponds to the isotropic extragalactic γ-ray background radiation and the galactic diffuse radiation (the latter is due mainly to the decay of π 0 s produced by interactions of the cosmic rays with the interstellar medium). The extra-galactic component has been measured by EGRET to be [41] :
where Φ 0 =(7.32 ± 0.34) × 10 −6 (cm 2 s sr GeV) −1 , k 0 =0.451 GeV and ǫ=-2.10 ± 0.03. The galactic diffuse flux is enhanced toward the galactic center and the galactic disk as measured by EGRET. In our calculation we use the parameterization of the differential flux provided in [22] :
where Γ 0 =8.6 × 10 −5 (cm 2 s sr GeV) −1 , r 0 =1 GeV and α=-2.7. Finally, the Galactic center point sensitivity has to take into account the profile of the energy spectrum of the photons produced as a function of the neutralino mass m χ . For this purpose we define the following function:
Λ(m χ ) includes the weight of the detector acceptance A(E) on the total rate of photons expected to be detected for a given differential flux
Therefore we can rewrite the function Λ as
where
is the total number of continuum γ-rays above energy E t mainly due to the decay of π 0 mesons produced in jets from neutralino annihilation. For the computation of N γ we have considered the parametrization from ref. [42] , after checking its compatibility with PYTHIA parameterization included in DSS as explained in the caption of Figure 4 : Figure 4 . The N γ σv as a function of m χ with standard set of parameters as compared with parameterization [42] . A threshold E t = 1 GeV has been assumed. A normalization factor of 2.4 was applied to obtain compatibility between the two calculations. This factor is used in our calculations.
The differential continuum spectrum, assuming N γ (E t = m χ ) = 0, is:
With formulas (16) and (17) we can compute the function Λ(m χ ) for a given value of the neutralino mass m χ :
and obtain the corresponding Confidence Level. The total number of photons detected by AMS is defined as (19) or, using the Λ(m χ ) function
According to the detectability criterion defined in eq. (7), the minimum detectable flux F min , which corresponds to a significance S(E γ > E t )=3, is derived by requiring N γ obs = 3 √ B. The definition of:
leads to conservative 95%−99% Confidence Level values.
Results
mSUGRA and Benchmark point simulations
The DSS program provides values of the γ-ray fluxes for the SUSY benchmark models [43, 44] and the so-called "wild scan" configurations of the mSUGRA parameters.
The SUSY benchmark models have been proposed to provide a common way of comparing the SUSY discovery potential of the future accelerators such as LHC or Linear Colliders. The thirteen SUSY scenarios correspond to different configurations of the five mSUGRA parameters with the trilinear coupling parameter A 0 set to 0. The models fulfill the conditions imposed by LEP measurements, the g µ − 2 result, and the relic density constraint of 0.094 < Ω χ h 2 < 0.129. To derive the gamma-ray fluxes for some of these benchmark models we use our current MC simulation programs: DSS, which was described previously. In particular the value of Ω χ h 2 is calculated in the DarkSUSY part, while the simultaneous use of the SUSPECT and DarkSUSY package Table 1 The lightest neutralino mass m χ , the mSUGRA parameters m 0 , tanβ, the relic neutralino densities, i.e. Ω χ h 2 and the values N γ σv as described in the text in units of 10 −29 cm 3 s −1 ; (masses are in GeV and the stars indicate values from [45] allows to perform Renormalization Group Equations evolution from the GUT scale to EWSB scale. Table 1 presents values of the lightest neutralino mass m χ , the mSUGRA parameters m 0 , tanβ, the neutralino relic density Ω χ h 2 and the values N γ σv as described in section 3.
The corresponding values of neutralino mass, tanβ and m 0 are also quoted. A fine-tuning procedure has been applied as in [43] (to fulfill the relic density constraints). The N γ were obtained with fast simulation by the convolution of the differential γ-ray fluxes with angular and energy resolution, and applying the acceptance factors of the tracker (TR) and calorimeter (ECAL).
The choice of the benchmark model sample was guided by the requirement of meaningful flux values. These values are low, however, in more favorable astrophysical scenarios, the expected N γ are enhanced by substantial factors varying from 40 in case of the most cuspy NFW halo profile or about a hundred in case of a Moore profile. Table 2 The expected number of photons detected in 3 years for different benchmark models and various dark matter halo profiles. Since the benchmark model flux values are low in the scanned (Φ γ , m χ ) plane, a 3 GeV energy cut threshold has been applied for signal and diffuse gamma background calculations. The sensitivities (N σ = number of standard deviations above diffuse gamma emission) have been calculated only for photons detected in the tracker assuming 3.0 background photons. In the ECAL detector, we expect 196.0 photons for the galactic diffuse gamma emission. The results in Table 1 are also compared to those in [45] , where a different mSUGRA Monte Carlo was used. Good agreement was found between the results of the two calculations. The observed differences for N γ σv , which are at most ∼ 25% between our results and those in [45] , may be explained by more refined interfacing.
In Table 2 , N γ detected by AMS during 3-year observation and the significance values for the benchmark models are presented for the NFW halo profile with the standard set of parameter, the most cuspy NFW profile and the Moore profile. The diffuse γ-ray background has been evaluated with the procedure described in section 3. The hadron contribution can be considered negligible for a point-like source, as the proton suppression factors range between 10 −5 and 10 −6 . For the standard NFW profile, only the values of the signal-to-background ratio are given as the expected N γ values are not significant.
Predictions from "wild scan" simulations 4.2.1. mSUGRA results
We have performed a "wild scan" in the mSUGRA parameter space.
Six thousand models have been simulated in the region of 0.0 < ∼ Ω χ h 2 < ∼ 0.129. The values below the WMAP lower constraint on Ω χ h 2 (0.094) belong to the additional non-thermal neutralino production scenarios. The ranges of the mSUGRA parameters used in the simulation were:
The results for the integrated gamma fluxes from the Galactic Centre as a function of the χ 0 1 mass, presented in Figure 5 , were obtained for a NFWstandard profile, and for a γ-ray energy threshold of E t = 1 GeV. Figure 6 shows the results for the more favorable NFW cuspy dark matter profile.
AMSB results
For the prediction of the gamma-ray flux in the AM SB framework, the scheme proposed by SUS-PECT was used for the evolution of the AMSB parameters up to the EWSB, as for our mSUGRA simulations. Therefore we use the same DSS interface.
The constraints set on the four AMSB parameters (as described in [45] ) were: sign(µ) not constraint 10 4 < M 3/2 < 10 6 . 10 3 < a 0 < 15 · 10 3 3. < tan(β) < 60.
For completeness, we have checked that this approach was compatible with the analytical approximation as described below. From equation (2) we get:
and, under the hypothesis of a pure Wino LSP, the pair annihilation proceeds by exchange of a charged Wino. The neutral Wino, here assumed to be the WIMP-LSP, can annihilate into a Wboson pair (W 0W 0 → W + W − ). We have considered the results of [28] for the parameterization of the corresponding annihilation cross section, in the non-relativistic limit:
Thus the equation for the integral flux of photons from Wino LSP annihilation becomes:
where we have used equation (16) for the N γ value with the scaling factor as described in the caption of Figure 4 .
Kaluza Klein results
The main annihilation channels of LKP into Standard Model particles are charged lepton pairs for about 59% and quark pairs for about 35% [47] . In our case, the calculation of secondary gamma ray yield were based on the formulas of σv(B (1) B (1) →ff ) [17] . The contribution of gamma rays produced from channels with leptons [46] has been neglected, thus providing more conservative results for the gamma fluxes at high energies. As in our previous calculations and following [47] we have used equation (22) with again the N γ value from equation (16) . To obtain the flux for a given halo profile, we have used the corresponding value of Σ 19 given in the paragraph ) Figure 6 . The integrated γ flux from the Galactic Centre as a function of m χ for a cuspy NFW dark matter halo profile as described in the text. The considered models are the mSU GRA scheme, AM SB scenario and Kaluza-Klein Universal Extra-dimensions. The various selections were done by varying tan(β) cuts.
2.1, thus resulting in:
We checked that our results are compatible with [6] . The expected γ fluxes for the AMSB models and Kaluza-Klein models are also shown in Figures 5 and 6 .
Sensitivity for considered models
The 95% CL was obtained by varying, within the uncertainties, the diffuse γ background spectrum as measured by EGRET [48] in the Galactic Centre area, as described in section 3.3. With It has been recently shown [49] that residual dark matter annihilation during the epoch of Big Bang nucleosynthesis may result in an efficient production of 6 Li. In Figure 7 we show the resulting 6 Li/H ratio in the dark matter models studied in this paper. The 6 Li/H yields have been calculated using the parametrisations given in Ref. [49] .
The predicted abundances are compared to the value reported for the low-metallicity halo stars, such as HD84937, 6 Li/H ≈ 8.47 ± 3.10 × 10 −12 [50] , (one of the first stars where a 6 Li detection had been claimed). It is seen that, even in a context of a standard NFW profile (Figure 5) , the observed 6 Li abundance is consistent with values produced with certain model configurations, in particular in non-thermal scenarios for the AM SB model. Detections of 6 Li have been reported for ∼ 10 other stars [51, 52] , with abundances comparable to HD84937. As this is far from what expected in cosmic ray scenarios which may synthesize 6 Li, it is possible that the 6 Li abundance in low-metallicity stars is in fact an indirect signal of dark matter annihilation during Big Bang nucleosynthesis.
Conclusions
The DarkSUSY and SUSPECT programs were used to provide the γ-ray flux predictions from the Galactic Centre region, for the benchmark mSU GRA models, the AM SB scenario and Kaluza-Klein Universal Extra-dimensions models, in order to evaluate the discovery potential of AMS for non-baryonic dark matter. Only models of mSU GRA scenario with large tanβ yield significant results on a realistic time scale. This conclusion is confirmed in a second study with a "wild scan" mSU GRA simulations. Various aspects such as dependence of the results on heavy quark masses or CP-odd Higgs pole contributions may change the predictions [24] . The most significant signals correspond to the supersymmetric configurations with the neutralino mass m χ ∼ 100 GeV.
The 3 year observation with AMS detector would provide 95% CL exclusion limits for several mSU GRA models in the case of a favorable dark matter galactic halo configuration, such as the cuspy or very cuspy NFW profiles. Furthermore, if the halo is made of clumps with inner pro-files of cuspy type, or if there is a strong accretion around the central black hole, the expected signal would increase by two orders of magnitude. For such cases, given the excellent energy resolution of the detector, the discovery of a dark matter annihilation signal would be possible.
In particular, the non-thermal Susy Breaking scenarios, as in case of the AM SB model, result in cosmologically significant 6 Li abundances, which when confronted with the results for 6 Li abundances in low-metallicity stars offer interesting perspectives for indirect dark matter searches and the detection of an annihilation signal by AMS. We conclude, that a survey of the Galactic Centre by AMS has the potential to contribute significantly to our understanding of dark matter. survey of the Galactic Center with AMS experiment opens new prospects in this domain.
